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FOREWORD. 



In writing this thesis on the "Baggage Car 11 
System of train lighting t it is not our intention to 
giye an extended discussion on the general subject of 
car lighting t hut rather to confine ourselTes to an 
actual test. 

Since the first use of electricity in train 
lighting, many Tory marked advances have been made; 
in fact, in no other branch of passenger car equip- 
ment has there been such marked improvement in the 
last few years. The most approved methods are the 
"Baggage Car", the "Axle Drive" , and the "Storage 
Battery" systems. 

The older one of the two, the "Baggage Car" 
system, although used extensively throughout the 
country t has not been considered satisfactory t and it 
is the object of this thesis to determine, as far as 
possible , the actual working conditions so that it may 
be compared with the "Axle Drive" system which is be- 
coming more and more prominent* 
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UTTRODUCTIOH. 



The traveling public be come 8 more and taore ex- 
acting in its demands for safety, convenience and 
comfort • The traveler of today, though he may have a 
modest income, demands and secures conveniences and 
comfort 8 which would have satisfied the most exacting 
millionare a generation ago* If he cannot get the 
service from one public carrier, he knows he can secure 
it from another* The shrewd manager realizes that by 
catering to the demands for greater safety and comfort 
to the traveling public, he not only draws traffic from 
his competitors, but he actually increases the total 
amount of travel* People who dread a long, tiresome 
and dirty journey will undertake such only under dire 
necessity, while they are glad of an excuse to take a 
trip over a well-appointed road with well-ballasted 
roadbed and comfortable electric lighted cars* 

When the incandescent electric lamp reached a 
practical form, in 1879, its advantages were immediately 
recognized, and within twenty- five years it had se- 
cured such a strong hold upon the market that over 
25,000,000 lamps were required annually to meet the 
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demand* Consisting, as it does, of a carbon filament 
heated to a high degree of incandescence in a vacuum 
maintained within an air-tight glass globe, very 
little heat escapetto the outside, so that it may be 
placed safely in almost any location desired* There is 
no open flame which may set fire to surrounding com- 
bustibles, and the temperature is so low that only 
actual contact for a long time will carbonise or ignite 
very inflamable material. It heats the atmosphere only 
to a very small extent, baring no open flame* There 
being no combustion it does not vitiate the air in the 
least* It can be lighted without matches, and simply 
by the turn of a key or switch in the hands of any 
unskilled person may be lighted or extinguished at will 
and without danger. There is no water vapor given off 
by combustion to increase the humidity of the air and 
add to the oppressiveness of a hot. sultry summer night , 
or even to intensify features of the so-called atmos- 
phere found in some of the sleepers and coaches* There 
is ho smoke, no smell, nor any oil dripping on carpets 
or en passengers 1 clothes* 

When the electric light was first applied to 
train lighting, even with the crude apparatus of that 
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early stage in the development, it was hailed with 
delight hy the traveling public. Hot only did they 
appreciate its many advantages for stationary lighting, 
"but in connection with train lighting the public mind 
was saturated with the idea that a large portion of the 
holocausts in connection with railway wrecks 9 if not 
started, were at least fed and intensified by the in- 
flammable substance used for oar lighting. Even 
though it might not be certainly proved that the fire 
was actually started by the lamp or gas, the feeling that 
it might have been the cause put all classes of flame 
as light sources in the same category with the deadly 
car stove, against which much legislation was fired. 
Occasional explosions here or abroad left no doubt in 
the public mind as to the desirability of replacing 
all combustibles by electric light. When the electric 
berth lamp was introduced, it proved an instant success. 
A sleeper with berth lamps is sought in preference to 
all others. Having enjoyed the comfort of a cool 
diffused light at one's Shoulder available at any 
time during the night without disturbing the porter 
or any one else, the traveling public is satisfied 
with nothing less, and today no train can be called 
thoroughly modern and up-to-date unless it can 
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advertise electric berth lights and vestibule lights ♦ 
Along with these lights is the comfort derived from 
the possibility of having an electric fan to keep the 
air in circulation and to mitigate the discomforts 
of an atmosphere otherwise intolerably close at times* 
Another auxiliary the ladies never forget, is the 
possibility of heating a curling iron without the 
dangerous and nerve-trying alcohol lamp; for with 
trains equipped with storage batteries the ladles' 
dressing room and each compartment may be equipped 
with an electric heater always ready for use by simply 
inserting the tongs ♦ The electric lighted trans- 
parencies , or tail lights, make effective advertise- 
ments ♦ 

Having outlined the advantages and pointed out 
some of the reasons why electric light equipments are 
demanded by the public, let us note a few of the 
various plans that have been tried ♦ 

The plans proposed for lighting trains by 
electricity may be considered under three heads - the 
use of batteries alone, dynamos alone, and combina- 
tions of batteries and dynamos* 

The use of primary batteries was attempted for 
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lighting several trains between 1883 and 1887 in France, 
England and America. Primary batteries are an ex* 



-plo»ive source of energy and can not at present com- 
pete with power driven dynamos either directly or 
through the medium of storage batteries* 

The use of storage batteries on trains dates 
from October, 1881, when a Pullman oar running between 
London and Brighton, England, was equipped with stor- 
age batteries which were charged at London during the 
night by a special engine and dynamo. In April, 1885, 
the Pennsylvania Road equipped eight parlor cars with 
storage batteries. The next year witnessed an active 
campaign by the two storage battery companies then in 
existence, the Julien Electric Company and the Elec- 
trical Accumulator Company, and a number of cars were 
equipped. The storage battery of that day was far 
from satisfactory and in several oases battery light- 
ing was abandoned. The Pennsylvania road has con- 
tinued their use to the present day, the cells being 
charged from a stationary plant at Jersey City and 
also en route by an engine and dynamo in the baggage 
car. The early practice was to run the cars to the 
charging station, where the exhausted cells were 
removed and replaced by others freshly charged* This 
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required much hand labor and the handling was found 
to he very hard on the cells . The later practice is 
to charge the batteries while the car is lying in the 
yard for cleaning or to charge them while the train 
is running. 

The storage battery system , without any other 
source of power on the train is admirably adapted for 
trains having a regular run such that the batteries 
can be charged every day. 

For long runs the battery with capacity for 
lighting the whole train throughout the trip would 
be too heavy and some provision should be made for 
renewing the charge en route. Such a system is 
used on the North Coast Limited train of the Northern 
Pacific Railway, running between St. Paul and Portland, 
which is the train under consideration in the follow- 
ing discussion. This train 1b made up of nine cars, 
all but two having a storage battery, and the lights 
divided into several circuits. [See Plate IV.] 

During the night the lamps are lighted from an 
engine and dynamo in the baggage car. When passing 
through tunnels during the daytime, and when changing 
engines at night, part of the lights in each oar can 
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be connected with the storage "battery. When this 
system was first installed , the batteries were 
charged only at each terminal but now it is the cus- 
tom to charge them every night but the last one east. 
They are then given a more thorough charge while the 
cars are being cleaned in the St. Paul Yards. As the 
cars are liable to be transferred to other trains 
during parts of the year, each car has an auxiliary 
equipment of oil lamps. 
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GEHERAL BESCEIPTIOH. 



Tills company uses a Westinghouse Standard engine 
directly connected to a Westinghouse dynamo [Plates 
I and II] ♦ The dynamos are compound wound and main- 
tain the voltage closely constant for all loads at 
normal speed. The engines are self-g6verning and keep 
the speed quite constant* They are less expensive to 
keep in repair than some other types used hut they 
give more vibration to the train. This vibration from 
the engine is not perceptible when the train is running, 
but it becomes somewhat objectionable at times f es- 
pecially on the vestibuled trains , when standing at 
stations. 
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STEAM CONEBCTIOirS. 



The greatest difficulty in connecting the 
engine with the locomotive holler is the flexible 
joint required between the engine and the cars* A 
flexible rubber hose has been greatly used for the 
purpose, but on account of the short life of the 
rubber , a combination of the Moran metallic coupling 
and Martin flexible joint is coming into more common 
use* [See Plate III]* This form of coupling is very 
hard to keep steam tight > but is considered the best 
to be had at present* We found the greatest trouble 
in the Martin joint* When the Moran coupling was 
properly looked, it gave little or no bother* The 
Martin joint Is a form of ball and socket joint , made 
up of a bell-shaped piece in which is inserted a 
Vulcabeston moulded packing ring* A globe-shaped en- 
largement on the other section is clamped into this 
packing ring and is free to move more or less in all 
directions* The leaks were caused by the rings which 
ware screwed over the packing ring to hold the smaller 
section in place, working loose* There were eight of 
these joints between the tender, mail and dynamo cars 
which were in constant need of attention and it may be 
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said that at least one was leaking more or less all 
the time* 

The looomotlres used on this train are all. of 
20 0# steam pressure t and a. reducing valve is there- 
fore necessary In the pipe line* This valve is located 
in the engine cab and is adjustable* A gauge shows 
the engineman just what the reduction is* As there 
are generally from 15# to 20# per square inch loss In 
pressure, due to friction and condensation In the 
1-1/2* pipe line, the pressure at the locomotive, 
after passing through the reducing valve t should be at 
least l0O# per square inch In order to give normal 
pressure, 80#» at the dynamo engine* This we found 
was not always the case as the englnemen were in the 
habit of reducing the pressure still more when the load 
was heavy* 
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She system of wiring used Is the equipotential, 
In which the paaesure Is practically equal at the lamps 
and batteries • One wire leads from the positive pole 
of the dynamo to the rear end of the rear ear where it 
is coupled to a second t which returns to the jffcont end 
of the first car t hut not to the generator* This re- 
turn wire is tapped by the positive pole of each "battery 
and one side of each lamp circuit* A third wire leads 
from the negative pole of the dynamo to the rear end 
of the rear car, where it ends. This third wire is 
tapped by the negative pole of each battery and the 
remaining side of the lamp circuits* All the batter- 
ies and lappa are therefore in multiple* Double-pole t 
fusible cut-outs are placed in each circuit and with 
the switches are located In convenient switch-boxes on 
each car* The wires are placed in the roof* The con- 
nection between the ears Is made by bringing the wires 
from the roof through the hood to the inside of the 
vestibule t where they terminate in square brass tubes, 
which are permanently attached to the vestibule frame ♦ 
The connections between these terminals are made with 
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stranded flexible cable, equivalent to #00 wire. As 
these connectors are placed horizontally f it is evi- 
dent that if the train should for any reason be parted 9 
the connections will be severed without damage to 
any part of the system* 
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BATTERIES * 

The batteries used on the two trains tested 
were "Chloride Accumulators", made by the Electric 
Storage Battery Company. These were placed beneath 
the center of the oars, the capacity of each varying 
with the number of lamps on the storage circuits* 
Following are the sizes of the cells of the two 
batteries: 



Total weight, 1350#* 
Capacity, 40 ampere hours* 
Discharge rate, 7 amperes* 
Htunber of plates per cell, 7* 
Size of each plate, 6* I 5-1 /Z*. 
Arrangement, 6 cells in a box* 
Total number of cells, 50* 
Weight of elements per cell, 19#. 



Large Size Battery* 



it 



* electrolyte w 



n complete cell, 



5#. 
25#. 



Small Size Battery* 



Total weight, 980#« 



Capacity, 30 ampere hours* 




Digitized by 



Google 



Discharge rate, 5 amperes* 
Hmnber of plates per cell, 5. 
Siae of plates, 6* X 5-1/2* • 
Weight of cell complete, 17#* 
Total number of cells, 50 ♦ 
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DESCRIPTIOH OP TEST - CALIBRATIONS • 

All of tlie electrical instruments were cali- 
brated "before the tests were made and immediately after 
returning * These calibrations were made by connecting 
the Toltmeters in parallel with the Weston Laboratory 
Standard voltmeter and the ammeters in series with the 
Weston Laboratory Standard ammeter* The voltage was 
then varied by means of a water-box, the voltmeters 
reading the drop across it and the ammeters the current 
flowing through it* Simultaneous readings were taken 
on the similar instruments and calibration curves plotted 
[curve shats]* 



Pacific gauges t was adjusted by comparison with standard 
weights in the University laboratory before being taken 
in the trip* It was set on the lubricator piping of the 
dynamo engine and the steam pressure in the pipe line t 
the engines not running, was varied by throttling the 
steam flow through an escape valve In the separator* 
Simultaneous readings were taken on the secondary stand- 
ard and northern Pacific gauge t from which a calibration 
curve was plotted* The standard was then taken off and 
all pressure readings taken from the engine gauge* The 



The steam gauge used In calibrating the Northern 
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University gauge was calibrated again after the tests 
were made* 



after the trip by means of steam pressure and a mercury 
column • 



connecting-rod type t which reproduced the piston travel 
In the ratio of one to four* It consisted of a collar 
fitted on the engine end of the shaft t adjusted so that 
they were in exactly the same relative position on the 
shaft as the engine oranks* The length of the connecting 
rods of this motion were also proportionate to those of 
the engine t and were connected to two sliding rods t set 
in a frame, to which the Indicator cords were tied, The 
collar of this mechanism was clamped to the engine shaft 
by means of set screws which, due to the high speed and 
vibration of the engine, were not sufficient to hold it 
rigidly for long periods of time. Trouble was also ex- 
perienced with the cords themselves, owing to their 
length and the fact that their direction was charged onoe 
by running them over small pulleys ♦ The cords would jump 
off and wedge between the pulleys and support, hence be 
broken* 



The indicator springs used were calibrated hot 



The Indicator motion used was of the crank and 



The indicator motion was set by taking off the 
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crank ease cover and one cylinder head, then turning 
the engine orer tint 111 It was on dead center* Dead center 
was determined by setting a scale on the piston t Inside 
the cylinder and noting Its direction of travel* When 
the engine was on dead center the scale would move in the 
same direction no matter which way the shaft was turned* 
The cranks and connecting rods of the indicator motion 
were then set In the same phase with the engine cranks* 
We found this setting to he correct from the fact that 
the respective connecting rods traveled always In the 
same direction* The cords were made of such a length 
that the indicator drums would not strike their "stops* 
at either end of the stroke* 
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CALIBRATION MIA. 

Voltmeters* 
Standard. #16808. #11851. 
December 19, 1905. 
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Calibration Data, [Con.] (l) 
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TRIP DATA. 



One of the main objects of the test was to deter- 



mine the amount of steam taken from the locomotive by the 
dynamo engine. To do this exactly it would have been 
necessary to weigh the steam used on the train, but on 
account of the lack of condensing water, this was im- 
possible. It was necessary, therefore , to test the 
engine in the yards 9 duplicating the working conditions 
on the run as closely as possible. 



the steam pressure , load in amperes , voltage and speed 
were taken every half hour throughout the round trip. 
The load and steam pressure were found to vary greatly, 
which can be seen by an inspection of the trip data and 
accompanying curve sheets. The condensation in the steam 
pipe and connections was collected in a "Cookrane" 
separator and carefully weighed each half hour. This 
varied with the locality to a certain extent t that is, 
with the kind of water used in the locomotives. Besides 
keeping a log of the engine and generator data, we also 
kept track of the length of time the batteries were in 
use f why they were used and their voltage before and 
after. It Is the custom to charge the batteries the 



In order to determine these working conditions, 




Digitized by 



Google 



23 



first fire nights of the round trip, This charging is 
started as soon after twelve o'clock as possible and 
is continued from one to six hours * The batteries are 
charged in the St* Paul yards at the end of each trip 
for four and one-half hours at a 50-ampere rate for the 
whole train ♦ 




1 
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YARD TEST. 

As stated above, the engine and generator on 
Dynamo oar #241 f were tested after the trip, to deter- 
mine the influence of the variation of steam pressure 
and load on the steam consumption. In this test we 
disconnected the engine from the exhaust muffler and hood 
and in their place connected a surface condenser t giving 
us facilities for weighing the steam used. Load was 
applied and varied on the generator by means of a water 
box* In order to duplicate the conditions en the trip, 
we made series of runs with varying loads for different 
steam pressures. This gave us data with which we plotted 
our steam consumption curves [Sheet 92]. . Knowing the 
steam pressure and load, by interpolation we could deter- 
mine approximately the steam consumption per kilowatt- 
hour at any time on the trip. Multiplying the number of 
8 team per kilowatt-hour by the number of kilowatts load 
gave us the total amount of steam used per hour by the 
dynamo engine. In plotting the steam consumption curves, 
we added the average pipe line loss per hour to the 
amount of steam used by the engine. 
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DISC US SI OH* 



Realizing the faot that the essential value 
of this report lies in the conclusions drawn, and a 
brief statement of the basis of these conclusions , we 
will state them in the following in as brief a manner 
as possible • 

It can be plainly seen that one of the uncertain- 
ties connected with the steam supply is due to the ab- 
solute dependence upon the mercy of the engineman for 
steam. The ordinary engineer on locomotives is not so 
familiar with the action of a constant speed governor as 
he might be. By referring to the curve sheets it can be 
plainly seen that to a certain extent everything varied 
with the steam pressure, when the steam pressure was in- 
creased for a given load 9 was increased Instead of being 
decreased as the engineer intended. For instance, by refer- 
ence to the curve sheet for the first night West [Car Uo. 
241] t at 5;00 P.M., the steam pressure was 67.5#,the load 
was 12.2 K.W. and the steam consumption was at the rate of 
1100# per hour, or 90. 3# per K.W. hour. At 5;05 P. M. 
the steam pressure had dropped off to 40# while the load 
had increased to 12.75 K.W. and the steam consumption 
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went up to 1530# per hour, or 120# per K.W. hour* At 
6; 25 P.M. the steam pressure had increased to 99# and 
the load to 14.4 K.W. , while the steam consumption fell 
off to 1088# per hour t or 75. 6# per K.W. hour. 

Again on the first night east [Car Ho. 241], 
at 7; 30 P.M. the steam pressure was 77# the load 14.6 
K.W. and the steam consumption 1210# per hour, or 83# 
per K.W. hour. At 8; 15 P.M. the steam pressure had in- 
creased to 92j£ and for practically the same load the 
steam consumption had fallen off to 1135# per K.W. hour, 
or 77. 7# per K.W. hour. 

Also, referring to the curve sheet for the third 
night East [Car Ho. 241], the pressure at 7; 30 P.M. , was 
86# t the load was 15 t l K.W* and the steam consumption was 
1170#, or 77. 5# per K.W. hour. At 8}00 P.M. the steam 
pressure was 91# t the load was 14.9 K.W. t a decrease of 
.2 K.W. while the steam consumption had risen to 1240# t 
or 83. 5# per K.W. hour, an increase of 60# per hour, or 
7# per K.W. hour, for a decrease in steam pressure of 5#. 

A detail study of the curve sheets will show that 
this is true throughout the test. Data taken on the 
Pioneer Limited train of the Chicago, Milwaukee & St. 
Paul Railway, where the same type and size of engine and 
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dynamo are used, shows that the same variation takes 
place there t [See page 61 ]• That is for a decrease in 
steam pressure at constant load, the steam consumption 
is increased, whioh of course, is to he expected* 

This increase in the steam consumption, when the 
pressure is reduced, is due to the fact that the engine 
governor endeavors to keep the speed constant* To do 
this the ports are necessarily opened wider and con- 
sequently live steam is taken in for a greater portion 
of the stroke* When the engine lost its governor, as 
was shown by its pounding, live steam entered the cy- 
linder throughout the whole length of the stroke* 

The area of the curves for "Generator load in 
kilowatts" ahd steam consumption per hour were taken by 
means of a planimeter and from these areas the total 
load, steam consumption and average steam consumption 
per kilowatt hour were computed for each night* [See 
page 86 ]• 

There is constant liability of the failure of 
the steem connections, which, if prolonged beyond the 
capacity of the batteries will result in the use of oil 
for light* 

One chief objection with the method of oharging 
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batteries is the fact that some 6f the lights are always 
burning, hence are burned at 115 volts t and some times 
higher while the batteries are being charged* This high 
voltage causes a set in the incandescent filament which 
reduces the length of life and the lighting capacity of 
the lamp greatly, when again burned on the ordinary light- 
ing pressure, 107 volts; when burned on the battery cir- 
cuit the voltage is still lower t generally about 98 t con- 
sequently a greater reduction in efficiency and amount 
of light emitted. The time of charging the batteries is 
hardly to be improved upon* The batteries during the 
trip are sufficiently charged at night to keep them in 
fair shape, while a thorough charge is given them in the 
yards at St* Paul at the end of each trip* This thorough 
over-charge is necessary at least every ten days to keep 
the negative plates from sulphating* 
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